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Abstract First observations on periodic very low ttec|uency (Vl^F) emissioas at low-latitude ground station Jammu (geomag. lat, 22*26' N;
i  117) arc presented To explain the results, it is proposed that the penodic VLF emissions are generated near the equatorial region atL ~L2 aa 
a rc.suIt of interaction between trapped energetic particles and one-hop whistlers under cyclotron resonance mechanism and propagated to our 
ground station Janunu in nonducted mode of whistler propagation
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V en  low  fre q u e n c y  e m is s io n s  (o r  V L F  io n o s p h e r ic  n o ise ) 
like w h is tle r, is  a  c la s s  o f  n a tu r a l  ra d io  p h e n o m e n a  [ 1 ]. T h e se  
ciiiissLons a l th o u g h  le s s  w e ll-u n d e rs to o d  th a n  th e  w h is tle rs , 
are b e liev ed  to  h a v e  th e i r  o r ig in  in  th e  io n o s p h e r ic /  
in ag n e io sp h e ric  c o u p le d  sy s tem . I f  fac t, s e v e ra l ty p es  o f  
MwF e m iss io n s  a rc  o f te n  o b se rv e d  in  c lo se  a s s o c ia tio n  w ith  
h is tlc rs W h is t le r  m o d e  V L F  e m is s io n s  a p p e a r  g e n e ra lly  in  
two m a m  sp e c ia l g ro u p s  : (i) H is s  o r  u n s tru c tu re d  e m iss io n s  
c lia rac ierised  b y  a  c o n tin u o u s  b a n d  lim ite d  w h ite  n o ise  a n d
(ii) C h o ru s  o r  s t ru c tu re d  e m is s io n s  e x h ib i t in g  c o h e re n t, 
discrete e m is s io n s  a s  s h o r t  a s  fra^'^ion o f  a  se c o n d  [ 1 ,2 ]. 
Some tim es th e s e  e m is s io n s  re v e a l p e r io d ic  o r  q u a s i-p e r io d ic  
structures w ith  p e r io d s  r a n g in g  f ro m  le s s  th a n  a  se c o n d  u p to  
several m in u te s . E m is s io n s  w ith  re g u la r  p e r io d  b e lo w  1 0  
seconds, a re  k n o w n  a s  p e r io d ic  e m is s io n s  [1], H o w ev e r to  
our k n o w led g e , n o  re p o r ts  h a v e  b e e n  p u b lish e d  o n  th e  
m orpholog ical p ro p e r t ie s  o f  th e s e  u n iq u e  ty p e  o f  V L F  
em issions (p e r io d ic  e m is s io n s )  b a s e d  o n  th e  g ro u n d  b a se d  
VLF d ata  a t lo w  la t i tu d e s . U s in g  a n  im p ro v e d  sy s tem , w e
h a v e  su cceed ed  in  re c o rd in g  p e r io d ic  V L F  e m is s io n  a c tiv ity  
fo r  th e  f ir s t  tim e  a t o u r  lo w  la titu d e  s ta tio n  in  In d ia  a t  Ja m m u  
(g co m ag . L at. 22^26' N ) a n d  w e p re se n t h e re , c a te g o rie s  o f  
so n o g ra m s  re c o rd e d  in  Ju n e  1997.
T h e  su ccessfu l re c o rd in g  o f  p e r io d ic  e m iss io n s  w as 
f irs t re p o r te d  by  D in g e r  [3] a n d  s u b ic q u e n tly  re p o r te d  b y  
G a lle t [4] a n d  P o p e  a n d  C a m p b e ll [3]. T h e  f i r s t  o b se rv a tio n  
o f  p e rio d ic  e m iss io n  a t  c o n ju g a te  s ta tio n s  B y rd -H u d so n  B ay  
(C a n a d a )  w as re p o r te d  by  L o k k e n  et al [6 ]. T h e se  e m iss io n s  
w e re  sh o w n  to  a p p e a r  a lte rn a te ly  a t  th e  tw o  s ta tio n s  w ith  a  
t im e  d e lay  o f  a b o u t 0 . 8  s. H e lliw e ll [1] re p o r te d  tw o  
d is tin c tiv e  su b -ty p es  o f  p e r io d ic  e m iss io n s . In  o n e  ty p e  o f  
su c h  p e rio d ic  em iss io n s  ca lle d  d isp e rs iv e  type , th e  v a n a tio n a l 
p a t te rn  o f  th e ir  p e rio d  w ith  freq u e n c y  w as fo u n d  to  c lo se ly  
fo llo w  th e  c o rre sp o n d in g  p a tte rn  in  th e  a sso c ia te d  e c h o in g  
w h is tle r . In  th e  seco n d  ty p e  o f  p e r io d ic  e m is s io n  k n o w n  as  
n o n d isp e rs iv e , n o  p e rc e p tib le  c h a n g e  in  th e ir  p e r io d  w ith  
freq u en cy  w as  d e ie a e d . In  m o s t c a se s  o f  p e r io d ic  e m iss io n s , 
th e  o b se rv ed  p e rio d  w as  fo u n d  to  b e  o n e  th i rd  o f  th e  tw o -
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h o p  w h is tle r  tra n s it tim e an d  th a t e ach  th ird  b u rs t ap p ea red  
to  be  s tro n g e r  th an  th e  o th e r tw o  [1]. T h is led  to  the  
su g g es tio n  th a t th e  s tro n g e r em iss io n s  co n stitu ted  o n e  d is tin c t 
se t o f  p e rio d ic  e m iss io n s  w hose  tru e  o r  T u n d a m e n ta r  p e rio d  
is th ree  tim es  th e  ‘a p p a re n t ' p e rio d  [1]. T h ese  em iss io n s  are 
k n o w n  as m u ltip h a se  p e rio d ic  em issio n s. H o w ev er am o n g  
th e se  e m iss io n s  tw o -p h ase  em iss io n s  are  ex trem ely  ra re  [7]. 
F u rth e r, th e  id en tif ic a tio n  o f  tran s it tim e  o f  tw o -h o p  w h istle r 
w ith  th e  o b se rv e d  ch o ru s  em issio n s o f  ch a rac te ris tic  p e rio d  
o f  2 -3 s  w as re p o rte d  by  A d jep o n g  [8 ]. S o m etim es the  
freq u en cy  o f  o b se rv ed  p e rio d ic  em iss io n s  w as fo u n d  to  
ch a n g e  w ith  tim e . Such  e m iss io n s  a re  c a lled  p e r io d ic  
em iss io n s  w ith  freq u en cy  d rift [1], T he  p e rio d ic  em iss io n s  
rep o rted  e a r lie r  w ere  o b se rv ed  in the  reg io n s  o f  o n ly  c lo sed  
m ag n e tic  field  lines an d  th e ir  p e rio d  w as m o s tly  in the  2  
6 s. T he ch an g es  in p e rio d  d u rin g  o b se rv ed  ev en ts , o ften  d id  
no t ex ceed  o n e  p e rc e n t [9]. R ecen t s tu d ie s  hav e  show n  th a t 
som e ty p es  o f  p e rio d ic  em iss io n s  (h iss le rs  and p u ls in g  h iss) 
m ay  have  p e rio d s  b e lo w  1 0 s, w h ich  are  n o t re la ted  to  th e  
tw o -h o p  w h is tle r tran s it tim e flO ], T o  o u r k n o w led g e , no 
r e p o r ts  h a v e  so  fa r a p p e a re d  o n  th e  re c o r d in g  an d  
m o rp h o lo g ica l p ro p e r tie s  o f  p e rio d ic  V L F  em iss io n s  from  
any  o f  the  lo w -la titu d e  g ro u n d  s ta tio n s. T h e  p re sen t f in d in g  
is th e re fo re , b e liev ed  to  be the  first such  ev en t rep o rted  from  
any o f  th e  low  la titu d e  g ro u n d  sta tio n . U n iq u e  V L F  sp ec tra  
o f  p e rio d ic  em iss io n s  in large n u m b ers , w ere  d e tec ted  d u rin g  
n ig h t tim e  o f  Ju n e  5, 1997 a t o u r fie ld  s ta tio n  Jam m u 
d u rin g  ro u tin e  re c o rd in g  o f  V L F  w aves, A carefu l analysis 
o f  th e  sp e c tru m  o f  th e s e  e m is s io n s ,  r e v e a ls  u n iq u e  
p ro p e rtie s  in co n tra s t to  th o se  o f  p e rio d ic  em issio n s o b se rv ed  
a t h ig h e r  la titu d e s . T h e  p e r io d  o f  o b se rv a tio n  w as a 
m ag n e tica lly  q u ie t d ay  w ith  HKp = 6  (av e rag e  Kp -  I) bu t 
w as p re c e d e d  by m ag n e tic  d is tu rb an ce  on  the p reced in g  
five d ay s d u rin g  w h ich  the Kp index  reach ed  a m ax im u m  
v a lu e  o f  6 .
T h e  re c o rd in g  m ech a n ism  o f  w h istle rs  and  V L F  em issio n s 
at any  g ro u n d -b a se d  ea rth  s ta tio n  is rea so n ab ly  s im ple , and  
less ex p en siv e . T he  basic  req u irem en t fo r the  re c o rd in g  o f  
w h istle rs  an d  V L F  e m iss io n s  is th a t a vo ltag e  is in d u ced  in 
an  e lec tric  c irc u it by  th e  low  freq u en cy  in co m in g  V L F  
w aves. T h is  inpu t v o ltag e  is am p lif ied  and  c o n v e rted  into a 
fo rm  su itab le  fo r o b se rv a tio n . T h e  re c o rd in g  eq u ip m en t 
in s ta lled  at Jam m u  c o n sis ts  o f  an an ten n a , p re- and  m ain  
tra n s is to rise d  am p lif ie rs . F ilte r, T ap e  re c o rd e r  and  the o th e r 
a ccesso rie s . T h e  a n ten n a  used  a t o u r g ro u n d  sta tio n  Jam m u , 
is a  s im p le  T -ty p e  a n ten n a  m ad e  up o f  c o p p e r  w ire 25m  in 
v e rtic a l leng th , a b o u t 6  m e te r  long  h o rizo n ta lly  and  3 . 3  m m  
in d iam ete r. T h is  is an  o m n id ire c tio n a l an ten n a  w ith to ta l 
e ffec tiv e  im p ed an ce  o f  a b o u t 1 M Q . T h e  an ten n a  is e rec ted  
a t a su ita b le  d is tan ce  from  m ain  b u ild in g  to  red u ce  the 
p o w e r lin e  h u m  etc . T he  o u tp u t o f  the  an ten n a  is fed to  the
p re -a m p lif ie r  th ro u g h  a c o a x ia l V L F  c ab le . T h e  p u rp o se  o f  
th e  p re -a m p lif ie r  is to  c o n v e rt h ig h  in p u t im p e d a n c e  to  that 
o f  low  in p u t im p e d a n c e  so  th a t s ig n a l fro m  th e  p re -am p lifie r 
can  b e  fed  to  th e  m a in  a m p lif ie r  th ro u g h  th e  f i lte r  u n it w hich 
is in s ta lled  in th e  m ain  b u ild in g . T h e  sp e c ia lly  designed  
tra n s is to rise d  p re - an d  m a in  a m p lif ie rs  a re  a d ju s te d  to  a  fiat 
re sp o n se  in The fre q u e n c y  j a n p e  5 0 0  H z  to  15 k H z . T h e  gain 
o f  the  a m p lif ie r is vq riab re  from  0 - 4 0  d B  to  a v o id  overlo ad in g  
o f  the  a m p lif ie r  a t th e  tim e  o f  g re a t V L F  ac tiv ity . T h e  pre­
a m p lif ie r  h as e m itte r  fo llo w e r, b o th  a t th e  in itia l an d  final 
s tag e  fo r im p ed an ce  m a tch in g . T h e  m a in  a m p lif ie r  is a lso  a 
tra n s is to rise d  type  w ith  e m itte r  fo llo w e r o n ly  a t th e  input 
stag e  an d  h av in g  a v o ltag e  g a in  v a ria b le  fro m  0 - 6 0  dB . The 
o u tp u t fro m  m ain  a m p lif ie r  is fed  to  th e  m a g n e tic  tape 
re c o rd e r  (A W 6 6 6 ) fo r th e  re c o rd in g  p u rp o se . T h e  block 
d iag ram  o f  w h is tle r  re c e iv e r  is sh o w n  in F ig u re  la .  T h e  VLF 
d a ta  re co rd ed  o n  m ag n e tic  ta p e s  a re  a n a ly se d  by  an  instrum eiu 
ca lled  so n o g rap h . F o r an a ly s in g  V L F  d a ta , th e  m ag n e tic  tape 
re c o rd e r  is p lay ed  b ack  a n d  th e  o u tp u t v o lta g e  is fed  to  the 
s o n o g r a p h .  T h e  s o n o g r a p h  m a c h i n e  u s e d  fo r  t^ is 
p u rp o se , is show n  in th e  fo rm  o f  b lo ck  d ia g ra m  F igure  lb.
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Figure 1. (a) Block diagram of the whistler receiver and (b) Block 
diagram of the monitor station
T h is  so n o g rap h  m ach in e  c o n v e rts  th e  re c o rd e d  au d io  signals 
in to  the  sp e c tro g ra m s (so n o g ra m s) . T h e  so n o g ram s are the 
d isp e rs io n  c u rv e s— a p lo t o f  fre q u e n c y  (8 0  H z - 8  kHz) 
versus tim e (2 .4 s ). T h e  p ro c e d u re  in v o lv e d  is to  calibrate 
tim e  an d  freq u en cy  a x is  w ith  th e  h e lp  o f  su itab le  marker 
p u lse s  an d  a u d io  fre q u e n c y  s ig n a ls  re sp e c tiv e ly .
T h e  q u a lity  o f  V L F  s ig n a ls  re c e iv e d  a t  a  p a rticu la r  station 
d e p e n d s  m ain ly  on  s ig n a l to  n o ise  ra t io  ex is tin g
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receiving antenna. Our recording system has been improved 
upon by introducing a high pass filter unit in between pre- 
and main amplifiers to reduce the noise to a minimum in the 
frequency range of 100 Hz to I kHz so that even a feeble 
VLF signal are recorded alongwith strong VLF signals.
On June 5, 1997 at our field station Jammu, the spurt in 
periodic emission activity started around 2140 1ST (Indian 
Standard Time) and lasted for about one hour ending finally 
at 22451ST. During this hour, periodic emissions of different 
periods were recorded. Out of large number of such events 
recorded on this day, sixteen sonograms of the recorded 
emissions are presented in Figure 2. The measured period 
of emission lies typically in the range 0.l-0.7s, which is
3-3.3 kHz with the periods 0.14-0.2s. Figure 2c shows 
nondispersive periodic emissions of two bands of activity; 
upper band of falling tones in the frequency range 3-3.3 
kHz, with the periods 0.1-0.3s and lower band of hook 
followed by falling tones in frequency range 1.7-3 kHz with 
the periods 0. l-0.3s. Figure 2d shows nondispersive periodic 
emissions of hook type followed by falling tones in the 
frequency range 2.7-3.3 kHz with the period 0.5s. Figures 
2(®“t) depict nondispersive periodic emissions with two 
bands of activity; upper band of inverted hooks in the 
frequency range 3-3.3 kHz and tower band of complex 
combination of risers and falling tones in the frequency 
range 2.7—3 kHz with the periods 0.2-0.4s. Further, one-hop
^'igure 2. Frequency-time spectrograms of periodic VLF emissions recorded al low-latitude ground station Jammu on June 5. 1997
»Tiuch smaller in comparison to that reported from higher 
latitudes. All the periodic emissions recorded arc of 
nondispersive type having different spectral forms (falling 
o^nes, inverted hook i.e, risers followed by falling tone, 
hook followed by falling tone, and complex combination of 
and falling tones). Figures 2(a, b) show nondispersive 
periodic emissions of falling tone type in the fiiequency range
multiflash whistlers having dispersion Hs*'^  are also seen 
along with these periodic emissions. Figures 2(j-p) shows 
nondispersive periodic emission with two bands of activity; 
upper band of falling tones in the frequency range of 3.3- 
3 kHz with the periods 0. l-0.7s, and lower band of complex 
combination of risers and Ming tone in the frequency range 
1.7-2.7 kHz.
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Th® sunultaneous observations of periodic emissions at 
conjugate stations, Byrd-Hudson Bay (Canada), was 
successfully explained with the help of two models suggested 
by Dowden and Helliwell [11]. In the first model, the 
emission period was Telated to the bounce period of the 
charged particles bouncing between conjugate hemisphere; 
in the second one, it was related to the two-hop whistler 
transit time. In order to explain the nondispersive periodic 
emissions, Helliwell [1,12] has suggested that subsequent 
bursts of emissions were triggered by the previous ones. 
Multiphase periodic emissions were understood as a 
superposition of several periodic emissions. A model was 
suggested by Dowden [13] who related an ‘apparent’ period 
of multiphase to the oscillation period of the 'interaction', 
as defined by the Helliwell [14]. The unique observation of 
nondispersive periodic emissions rqiorted here could be 
well-explained by considering the subsequent burst of 
emission as being triggered by the previous ones as suggested 
by Helliwell [1,12]. The very small value of the measured 
period of the periodic emissions in the range of 0.1-0.7s 
observed at Jammu, provide an important information about 
the path latitude of these emissions with the use of direction 
finding. It clearly depicts that these emissions are generated 
at low latitude only. It is therefore, proposed that this unique 
observation of periodic emissions at Jammu are generated 
near the equatorial region at I  = 1.17 (Jammu), as a result 
of interaction between the trapped energetic particles at 
Z, -1.2 and whistler mode waves under cyclotron resonance 
mechanism and propagated to our station in whistler mode 
of propagation.
The periodic VLF emissions recorded at Jammu on June 
5, 1997 is a unique observation of VLF emissions in the 
sense diat no such observation of periodic emissions has 
been reported from any of the low latitude ground station 
so far and is the first observation of periodic emissions at 
low latitudes. Further from the spectrum analysis of periodic 
emissions recorded at Jammu, it is found that these emissions 
reveal properties of die emission period of the order of 0.1-
0.7s much smaller in comparison to that of higher latitudes. 
Since periodic VLF emissions are sequence of discrete 
events or clusters of discrete events repeated at regular 
intervals [I], the morphological properties of the other type 
of VLF emissions like discrete chorus emissions recorded at 
low latitudes could be very easily explained with the help 
of morphological properties of periodic emissions recorded 
at Jammu. Our detailed spectral analysis of the periodic 
emissions recorded at Jammu show that these emissions have 
their origin only in the low latitude ionosphere (inner
magnetosphere) and are generated by cyclotron resonance 
mechanism as a result of interaction between the trapped 
energetic particles at L -1.2 corresponding to our field 
station Jammu and whistler waves. This is ope of the unique 
observation showing the wave-particle interaction processes 
taking place in the low latitude ionosphere. Therefore, these 
results of low latitude ionosphere and the corresponding 
results already available to those of high latitude 
magnetosphere will perhaps contribute Significantly towards 
a better understanding of the wave-particle interaction 
processes taking place in the ionosphere-mapetosphere 
coupled system. Further, detailed study of these unique 
periodic VLF emissions observed for the first time is 
beyond the scope of this paper, and will be reported in a later 
paper.
Acknowledgments
The present work is supported by the Department of 
Science & Technology, New Delhi, India under grant 
No. FSS/7S/028/93. Authors are grateful to the Principal, 
Regional Engineering College, Srijoagar  ^ Kashmir anq to 
Principal Government College o f Engineering l^ nd 
Technology, Old University Campus, Canal Road, Janunu 
for their constant enoour^ement and help. Thanks are 
due to the referee for his constructive comments and 
suggestions.
RefcrcMCi
[1] R A Helliwell Whisihn and RelaUd Jonoqdwrlc Phenomenon 
(Sunford ; California, USA ; Stanford University Press) 
(1965)
[2] M Hayakawa, Y Tanaka, M Parrot and F Lefeuvra J, Gtophys 
Rer. 89 2811 (1984)
[3] H E Dinger /R£ Thau. AnI. Prep. S |25 (1957)
[4] R M Gallet Proe. IRE 47 211 (19$9)
[5] J H Pope and W H Campbell J. Geopkys. Res. 6S 2543 (I960)
[6] J E Lokken, J A Shand, C S Wright, J„ H Martin, N M Brice and 
R A Helliwel Nature 192 319 (1961)
[7] N M Brice Radio Set. 69iy 237 (1 ^ )  .
[8] S K Aihepong Atorure 299 645 (1976)
[9] R A Helliwell Physia of Mapiolo^here (Dordrecht: D Reidd)
pl06(1968) ... I
[10] S S Saahin and M Hayakawa J.~Atmos. Tert: PHys. !li6 735 
(1994)
[11] R I. Dowden and R A Helliwell Nature 195 64 (1962)
[12] R A Helliwell J. Ceophys. Res. 68 5387 (1963)
[13] R L Dowden J. Geophys. Ret. 76 3034 (1971)
[14] R A Helliwell J Ceophys. Res. 72 4773 (1967)
